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MATERIALS AND METHODS
M1Iycobacterial strains. Twelve wild isolates of tubercle bacilli; the H37Ra strain of Al. tuberculosis; 2 BCG strains; and 4 unclassified strains of pathogenic mycobacteria (Runyon, 1955) were studied. The 12 strains of tubercle bacilli were recovered from 6 patients, 1 each before and during chemotherapy. The bacilli isolated from 5 of the 6 patients during treatment showed impaired virulence of the guinea pig and the hamster.
Preparation of bacterial suspension. The growth from 3-week-old cultures on modified Lowenstein-Jensen medium (Holm and Lester, 1947) was triturated in a glass grinder. The organisms were washed and resuspended in 10 ml balanced salt solution (BSS; Hanks and WVallace, 1949) . The suspension was then centrifuged at 500 rev/min for 10 min and the supernatant filtered through a single layer of WVhatman no. 1 paper before standardizing in a Klett-Summerson photoelectric colorimeter to an optical density of 55 to 60 with the 540 m, wavelength filter.
I Presented in part before the Medical Session of the 56th Annual Meeting of the National Tuberculosis Association held in Los Angeles, California, May 15 to 20, 1960. J-111 cell cultures. Stock J-111 cells (originally cultured in human serum medium when purchased from Microbiological Associates, Inc., Bethesda, Maryland, and subsequently adapted to calf serum) were grown for 1 week at 36.5 C, employing Eagle's basal medium (Eagle, 1955) supplemented with 10% calf serum and containing 50 ,ug streptomycin and 50 units penicillin per ml. One milliliter of cell suspension of 100,000 cells per ml, prepared from trypsintreated stock cultures, was pipetted onto cover slips (11 by 22 mm) in Leighton tubes. The cultures were incubated for 48 hr.
Infection of J-111 cells. The cultures were washed twice with BSS. One milliliter of Eagle's basal medium supplemented with 10% lamb or other serum and containing no antibiotics was distributed to each tube and to each was added 0.05 ml of bacterial suspension or BSS. After overnight incubation, the cell cultures were washed twice with BSS to remove extracellular bacilli and 1 ml of calf serum medium containing 5 Ag streptomycin and 5 units penicillin per ml was added to each culture. The medium was replaced usually at 48-hr intervals.
Examination of cell cultures. On the day following inoculation and generally at 48-hr intervals until the termination of the experiment, 2 to 3 cover slips of infected and control cultures were washed twice with BSS, immersed in absolute alcohol for 5 min for fixation and then allowed to air-dry. Aubert's acid-fast method (1950) "Battey" (Runyon) I rvrLr- 
RESULTS
Phagocytosis. J-111 cells phagocytized tubercle bacilli with variable avidity. There was only 1 to 2% phagocytosis when the medium contained human, calf, or rabbit serum. Good results were obtained with 1 of 2 lots of horse serum and each of 4 lots of lamb serumn. The results for lamb serum are shown in Fig. 1 . Although there was a 6-fold variation in the percentage of phagocytosis, the level was above 20% for 16 of the 19 mycobacterial strains. The finding of greater phagocytic activity by J-111 cells for the guinea pigattenuated, chemotherapy strain than for the virulent, pretreatment parent in 4 of 5 instances is not considered sure evidence of a difference. Fig. 2 shows a J-111 cell with engulfed bacilli 1 day after the cell culture was inoculated with a strain of M. tuberculosis. The majority of the inocula ranged from 1 X 10e to 5 X 10i viable units. In preliminary experiments when a much larger inoculum was used, numerous bacilli were ingested and a decrease in cell population was observed indicating that some of the heavily parasitized cells probably left the glass surface.
Intracellular growth of tubercle bacilli. Primarily, elongation of the bacilli with only a slight in- crease in numbers of microorganisms was observed in infected cells on the 3rd day following inoculation. By the 5th day cording was seen ( Fig. 3) . Growth was confined within the cytoplasm and the characteristic cording of tubercle bacilli which appeared to enclose the nucleus was evidenced by the 7th or 8th day. As shown in Fig. 4 for 12 days at which time the extent of growth was similar to that observed at the 3rd day in tubercle bacillus-infected cells.
Intracellular growth of the unclassified pathogenic mycobacteria. The growth rate of the group III nonphotochromogenic strains was the most rapid of the mycobacteria tested (Figs. 9 and  10 ). Both strains demonstrated intracellular branching. Extracellular branching filaments surrounding small clusters of deep-staining nuclei from disintegrated cells were seen readily in 7-day preparations.
Group I photochromogenic strains grew intracellularly at a rate closer to that of M. tuberculosis (Figs. 11 to 13 ). The bacilli were enlarged, especially elongated, and displayed characteristic beading. Possibly because of limited intracellular space, parallel alignment was inconstant.
DISCUSSION
As in the case of the Hela, monkey kidney, and human amnion cell (Shepard, 1955 (Shepard, , 1958a sera by Shepard, lamb serum also promoted phagocytosis to a sufficient degree to permit study of the intracellular growth of various strains of mycobacteria in J-111 cells.
Shepard (1959) also reported that engulfment of other species of bacteria by HeLa cells was promoted selectively by different sera. Recently, McElree and Downs (1960) found that phagocytosis of Pasteurella tularensis by normal, noninflammatory rat mononuclear cells was influenced by the type of animal serum used in the medium. It would be worthwhile to determine whether the phagocytic-promoting factor can be absorbed from the serum by the bacterial species it seems to favor. Also, the possibility of finding an inhibitor in certain sera should be investigated.
It is worthy of mention that this factor does not appear to be the plasma, phagocyte-promoting principle described by Tullis (1953) which is closely associated with both complement and the clotting components of plasma, is heat-labile, and deteriorates rapidly in stored plasma. Good phagocytosis occurred in our study in medium supplemented with lamb serum refrigerated over 6 months. Shepard (1955) also found that horse serum was still satisfactory after 6 months of storage.
The growth characteristics of M. tuberculosis and other strains of mycobacteria in J-1 11 cells were similar for the most part to that in HeLa cells (Shepard, 1957a; 1958a,b) . The failure of our guinea pig-attenuated strains of patients' bacilli to show diminution of cording whereas Shepard's did may indicate a difference in hostparasite reaction or a different degree of attenuation of the mycobacteria.
The intracellular growth rates of our strains were slower than those reported by Shepard.
This may be accounted for by (i) the difference in cell type (Shepard, 1958a) and in mycobacterial strains; (ii) our method of preparing the bacterial suspension resulting in a probable greater lag period; (iii) the lack of a quantitative measure of growth rate; and (iv) the inherent technical problems involved in studying mycobacterial infections of cell and tissue cultures (Hanks, 1958) . The pioneer studies by Shepard (1955; 1957a, b; 1958a,b) , the recent work of Clark and Forrest (1959) , and our preliminary findings indicate that this procedure might be useful in classifying mycobacteria. Based on growth pattern or growth rate, or both, we were able to characterize M. tuberculosis, BCG, H37Ra, group I photochromogenic, and group III nonphotochromogenic strains. Although we were unable to distinguish wild strains of tubercle bacilli with variable animal pathogenicity, the slower growth rate of H37Ra and BCG in J-111 cells (and in HeLa cells (Shepard, 1957a) ) and the failure of Mycobacterium smegmatis and Mycobacterium phlei to multiply in HeLa cells (Shepard, 1957b) suggest that this technique might reveal differences in virulence. Also suggestive is the work of Clark and Forrest (1959) who found that many group II scotochromogenic strains (Runyon, 1955) 
